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A  ehort  review  of  the  literature  on  the  subject  of 
Sleotrolumlnesoenoe  (EL)  Is  given.  The  analysis  is  lifted 
to  phosphors  of  (activated)  Zinc  Sulphide  type  and  to  so  caj. 
led  "Intxlnsio"  EL  -  that  is  to  EL  excited  in  condenser  type 
cells )  filled  with  powder  phosphors  embedded  in  a  good  die*^ 
leotrlo  nedlua. 

A  new  teohniq.ue  is  suggested  for  studying  the  be¬ 
haviour  of  the  EL.  It  consists  of  applying  to  the  cells  sin¬ 
gle  transients  of  voltage  (respectively  rising  or  falling) 
with  a  constant  rate  of  variation  vs  tine.  ThiSf  roughly 
speaking I  allows  to  separate  the  effect  of  the  electric  field 
and  of  its  time  derivative,  by  changing  Independently  the  aa- 
xlaun  voltage  and  its  rate  of  variation.  The  circuits  which 
have  been  used  for  this  technique  are  described,  as  well  as 
the  (prellalnary)  results  obtained  with  oonneroial  EL  cells. 
These  results  are  of. a  rather  good  quantitiatlve  character 
and  look  aore  suited  to  a  physical  investigation  of  the  basic 
phenoaena  involved  in  EL  than  the  results  of  the  studies  re¬ 
ported  in  the  literature  and  obtained  by  conventional  teohni 
fues* 

Soae  final  remarks  are  presented,  concerned  with 
technical  improvements  of  the  equipment  and  with  fizrther 
experiments  we  are  planning  cnthe  subject  dealt  with  in  this 
Note. 
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The  phenomenon  of  the  Sleotrolnmineeoenoe  (EL)  hfts 
hooa  teiO'CTa  for  q,uitQ  q  tiao  (LoDtriaUo  1936)  aafl  'by  ©0noeg,ti9n 

GO  tho  litoyatn?o  on  tho  suhjoct  Is  nunorous^^^o  The  prineiijal 

(2) 

g2ipos>a  nhloh  hGvci  boon  considered  ar©  listed  in  footnote  o 


(1)  A  complete  hihliography  on  EL  up  to  1938  is  giyen  int 
H«f«  Ivsyt  IRE  Trens,  Electron  Devices,  ED  6,  203* 

A  Gupplomcnt  to  the  ohove  list  appeared  very  recently  ins 
H«f.  Ivey,  Joum.  Eleotrochen,  Soc.  .108»  390,1961. 

(2)  «)  P.Zalm,  Philips  Res.  Rep,  1J.,  333  end  417,  1936 
b)  I.T.  Stelnberger,  V,  Bar,  E.Alexander,  Proc.Oonf. 

Oolor  Centers  and  Oxystal  Lum., Torino,  Sept.1960,pg.210. 
o)  J.F.  Weymouth,  F. Bitter,  Fhys.  Rev.  2^,941,1960. 

d)  A.B.  Bonoh-Bruovioh,  O.S.Marenkov,  DRSS,  Optics  and  Spech^ 
8,  449,1960. 

e)  D.  Curie,  article  in  Progr.  in  Semic,  2,  231,  Sd.Heywood 
and  Co,  London  1937. 

f)  P.  Goldberg,  Proo.Conf .Color  Centers  and  Crystal  Lumino 
Torino, Sept. I960,  pg.247. 

g)  W.W.  Piper,  F.E.  Williams,  Phys.Rev,  82,  131,1932. 

h)  J.L^mbe,  C.C.Kllok,  article  in  Progr.  in  Semic.,  ^,183, 

Ed*  Reywood  and  Co.  London  1938. 

1)  W.W.  Piper,  F.W.  Williams,  article  in  Solid  S-ttite  Physios, 
6,96,  Ed.  Acad. Press. Kew  York,  1936. 
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The  content  of  theee  paperswlll  he  assuaea  as  known 
and  theroforo  yo  shall  caho  free  reference  to  them  whenever 
neoesaary*  for  sake  of  brevity. 

Let  us  remenher  firstly  that  several  non  identical 
of  tsl  are  known,  such  as  that  associated  with 
^unotions,  or  do  and  ao  SL  in  eingle  crystals  with  okiio  oo£ 
tacts,  or  what  has.  been  sometimes  called  "Intrinsic  BL" 
(LastrlQu),  whoro  poudor  phosphors  embedded  in  (praotioally) 
perfect  dlble trios  oro  used  and no  do  current  oan  flow  through 
the  oeU^*\ 

We  shall  focus  our  Interest  almost  exclusively  in 
this  report,  on  the  last  case  quoted,  say  "intrinsic  EL"  as 
presented  by  ZnS  cells.  This  both  because  of  the  greater 
practical  Interest  of  this  case,  and  because  we  felt  as  If  thia 
were  the  "piurer"  case  to  begin  with.  Moreover,  the  origin  of  tht 
^primary”  slootrono  causing  the  phenomenon  is  less  clear  In  thlf 
case,  as  we  shall  show,  ao  compared  to  do  EL.  Last  not  least, 
condenser  type  cells  are  very  easily  available  .  As  already 
pointed  out,  quite  a  lot  of  work  has  been  performed  on  the 
phenomenology  of  tho  light  emlesion  associated  with  Intrinsic  EL, 
and  the  observations  have  been  complemented  and  confronted  with 
the  results  obtained  with  single  crystals,  or  txtoresylphoaphate 
cells,  exo.  Moreover,  even  though  by  far  the  largest  amount  of 
work  has  dealt  with  sine  wave  excitation,  sqi^re  waves  also  have 
been  used,  or  biased  sine  waves  (i.e.  sine  do)  and  exponential 
waves  from  a  oapaoltor  -  resistance  olroult. 

(s)  Thie  for  GKQmplo  exclude o  in  some  way  exparlHonte  uith  tri- 

ore  sylphosphate  . 
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Some  work  has  also  1506X1  performed  with  non  perlodlo 

axoltation.  The  phosphors  used  has  been  almost  always  ZnS,wlth 

(2a) 

different  activators  and  coaotlvators.  Following  Zalm  tbe 
phosphors  oan  be  divided  Into  two  main  groups  ( 

•)  with  oharaoterlstlo  activators  (such  as  ZnS  (Ou,Ol).In  this  . 
oast  ionisation  of  centers  takes  place. 

h)  with  fundamental  activators  (such  as  ZxiS  (Ifai).  In  this  eass 
the  centers  are  only  excited. 

Various  qualitative  results  and  sometimes  quantltdtits 
relations  (such  as  the  brlllance/voltage  dependence  ): 

B  at  a  exp  (  l/2<.(<1|a,b  constants)  for  sine  wave  excitation 

have  been  deduced  from  the  experiments.  The  point  of  view  whiohy 
as  a  consequence  of  the  phenomenologlcel  survey,  Is  gexierally  ac¬ 
cepted,  Is  that  Intrinsic  EL  Is  basically  nothing  else  than  an 

(z) 

••intemal  cathodoluminescenoe”  .  This  means  that,  in  both  phe¬ 
nomena,  one  has  to  do  with  electrons  (perhaps  holes)  traveling 
into  the  conduction  band  and  causing  light  emission  by  collision 
with  luminescent  center  which  may  be  excited  or  Ionized  and  sub¬ 
sequently  return  to  their  fundamental  state  by  emitting  radiation 
(and  eventually  phonons). 

This  process  is  sometimes  referred  to  respectively  an 

"Impact  excitation"  or  "ionization"  and  it  Is  accepted  as  the 

basic  mechanism  of  Intrinsic  EL  by,  foe  example.  Be strlau, Curie, 

(w)  «  statement,  however,  does  not  mean  at  all  that  there  is 

complete  agreement  on  this  point,  but  just  that  there  Is  a  cer¬ 
tain  majority  in  favour  of  this  assumption  than  of  others.  Cfr. 
e.g.  the  criticism  by  Steinberger  and  coworkers  (2b).  As  a 
matter  of  fact,  the  whole  field  is  still  rather  badly  vmderstood. 
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Hp«r  and  Williams  and  Zalm*  Of  course,  between  Si  and  oatho- 
delumiaeaoenoe  there  is  an  obvious  difference,  as  to  the  orifin 
of  the  electrons  travelling  and  colliding.  But  the  fundamental 
similarity  of  the  subseq.uont  process  -  whatever  its  meohanisa 
might  be  -  is  strongly  suggested  by  the  great  similarity  of  the 
spectra  emitted  in  EL  or  in  oathodo,  or  photoluminesoenoe  of 
ZnS. 

As  a  matter  of  fact  (ofr.e.g.  3),  there  is  no  obvious 
agreement  even  as  to  certain  details  of  the  photolumlnesoenee 
mechanism  in  ZnS  phosphors.  Nevertheless,  we  shall  assume,  as 
working  hypothesis,  that  intrinsic  BL  is  basically  nothing  else 
than  the  same  luminescence  which  can  be  excited  with  cathode 
rays  or  photons.  It  takes  however  origin  through  a  peculiar 

mechanism  about  which  several  hypothesis  have  been  suggested. 

(2a) 

Tor  eimuaple,  Zalm'  '  assumed  injection  of  carriers  through  a 
surface  barrier  at  the  contact  phosphor/oonduotlng  phase  |  Piper 
end  Williams^ ^^^and  Curie^^^^  consider  field  ionisation  of  soma 
suitable  donor  centers  localised  in  the  barrier* 

Actually,  Zalm  seems  to  have  investigated  the  question 
in  great  detail i  he  states  -  but  to  our  best  knowledge  nobody 
successively  confirmed  this  point  of  view  in  a  sure  manner  - 
that  intrinsic  EL  depends  on'  the  presence  of  a  conducting  phase 
of  any  kind  (metallic,  such  as  Ag,Al,  or  semiconducting  such  as 
CU2S)  on  the  surface  of  the  ZnS  grains. 

Some  experimental  evidences  of  this  fact  are  offeired 


(3)  L.Ourie,  Proc.Oonf .Color  Oentere  and  Crystals  Liimln.forino, 
Sept.  I960,  pg.199. 
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(  2gi  ) 

In  the  paper  .  The  reasonable  sugesstlon  la  then  made  that 

•  • 
the  oondnotlng  surface  phase  may  aSt  as  a  couple  of  eleotrodssy 

Injecting  carriers  Into  the  phosphor. 

More  preolaely,a  double  layer  originates  at  the 
oontaot  •  vdiloh  even  though  locally  bends  upward  the  bottou  of 
the  oonduotlon  band  nevertheless  depresses  the  whole  potential 
of  the  crystal  •  so  that  a  net  lowering  oooure  of  the  val^e  af 
the  surfaoe  step.  Moreover  ^at  some  dletanoe  ireei  the  surfaea 
the  bottom  of  the  o.b.  may  beoome  lower  than  the  Fermi  level 
provided  a  sufficient  eleotrio  field  is  applied.  In  suoh  a  spy 
electrons  are  able  to  tunnel  Into  the  phosphor.  Piper  and 
Williams on  the  other  hand  , assumed  that  primary  electrons 
initiating  ionization  of  lumlnesoent  centers  come  from  a  limited 
number  of  donors  levels  in  ZnS  y  which  should  be  ionized  by  di¬ 
rect  action  of  the  electric  field. 

Actually  ,  Zalm  observes  that  the  probability  of  suoh 
a  process  is  strongly  field  dependent  and  if  the  field  is  high 
enough  for  ionizing  donors  of  a  given  depth,  all  the  donors 
should  be  immediately  exhausted  in  a  but  slightly  stronger 
field.  In  this  way,  the  niunber  of  excitations  should  depend 
only  on  the  instantaneous  field  and  not  on  the  time  for  which 
it  is  applied  -  that  is  to  say  not  from^ the  frequency  of  the 
(sinusoidal)  voltage.  This  is  actually  contradicted  by  the 
experiment.  These  are  the  grounds  on  which  the  Zalm's  orltloism 
is  foTinded  which  look  rather  reasonable  indeed.  Nevertheless  , 
we  do  not  feel  that  the  question  can  be  considered  as  settled 
by  these  simple  reasonings  ,  and  will  therefore  assume  that  at 
present  both  the  injection  mechanism  and  that  of  field  ionlza- 
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tloa  ar«  BtiU  "a  priori"  posBltllitloB,  wfaioh,  BorBOTor,  pbm  ■ 
a  problBB  atm  anal  tine  dafinltB  aolution. 

Both  thBBB  Idaaa  about  tha  firat  aaong  tha  thraa 
atapa  naoaaaary  to  produce  BL  (nasaly,  Injaotlon  by  oonduotlnc 
snrfaoa  phaaa  or  field  azoltation  of  donor a)  aaea  baaldaa  to 
acraa  with  an  azparinental  feature  well  eatabllahed  and  quoted 
by  aereral  Authora  -  we  mean  the  fact  that,  at  leaat  If  khe 
azoltation  voltage  la  not  too  high  (Ofr.Zala^^*^),  the  light 
ooMa  out  froB  the  aide  of  the  cell  whloh  at  the  time  oonalde- 
red  la  oathodlo.  Another  ezperlBent  worth  of  Bontlon  whloh  oaa 
be  related  to  the  queation  of  the  polarity  of  the  OBlttlng  re- 
glona  la  Aeaorlbed  in  the  paper  by  bhyBOuth  and  Bltter^^^\ 
whereby  the  behaviour  of  alngle  graina  of  the  BL  phoaphor  la 
Inveatlgated.  The  Authora  dlaoovered  that  tha  luaineBoent  apota 
of  a  given  grain  bright  or  alternatively  renain  dark  aooordlng 
to  the  oirouBBtanoa  that  tha  looal  eleotrlo  field  la  parallel 
or  antiparallel  to  a  given  dlreotloa  of  referenoe  .  Thia,  we 
thinktpolnta  out  directly  that  the  active  reglona  have  a  "ve^ 
torlal"  character  and  therefore  are  very  likely  to  oonalat  of 
double  layera. 

Thla  aaae  paper  la  alao  perhapa  the  Boat  ooBplete  and 
quantitative  about  a  further  feature,  worth  of  aentloni  that  of 
the  ao  oalled  frozen  polarlaatlon  of  the  BL  oella.  The  pheaeeM- 
non  of  the  frozen  polarization  (BV)  of  eleotroluBlnophora  la  ao 
well  known  (but  rather  badly  underatood)  that  literature  apeaka 
well  of  "photoeleotreta"  and  that  It  fonia  the  baala  of  bobb 
ooBBerolal  ayatea  for  storing  Inagea  to  be  reproduced  at  a  a^q 
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(4) 

o««aiy«  tlma  . 

Tht  oonsaquenoas  of  the  FP  are  manyfold  and  rather  oom- 
pUoatedt  some  of  themt  «hloh  -  as  we  shall  see  -  can  he  brought 
to  light  In  a  particularly  striking  way  by  our  technique  of  single 
tzvnaisntSf  are  quite  Impressiye.  For  example,  it  turns  out  that 
tire  suooeeeiye  light  puleee  may  haye  a  ratio  of  heights  1 1  1  or 
up  to  about  1 1 1 00  depending  on  the  tine  separating  the  seoond  from 
the  first  pulse.  It  is  not  worth  to  dwell  any  more  on  the  desorlp- 
tlea  of  these  phenomena.  We  limit  ourselyes  to  point  out  that  a 
strong  correlation  seems  to  exist  between  the  yalue  of  the  FP  and 
the  light  output  of  which  the  EL  cell  is  capable  at  that  yery  mo¬ 
ment.  As  we  said,  an  account  of  these  experimental  facts  is  giyen 
-  among  others  -  in  the  paper  of  WSymouth  and  Bitter  already  quo¬ 
ted. 

On  the  other  hand,  yery  little  appears  established  as 
to  the  mechanism  by  which  FP  takes  place  and  lnfluence^:  the  light 
output  -  and  this  point  of  course  will  reoeive  our  attention  in 
next  future. 

2.-  EXPERIMEWTAL. 

Bablcally,  the  technique  we  used  was  the  following i 
the  electroluminescent  cell8^*^( Westinghouse  Rayscent  Panels 

(4)  Of r. article  by  H.Kallnan  and  J, Rennert,  in  Proceeding  Symp. 
on  Solid  State  phenomena  and  Electric  circuits,  pBg.325,  Polytechnic 
of  BroolElya  April  1957. 

(a)  The  characteristics  of  the  panels,  as  kindly  communicated  to  us 
by  the  Research  Laboratories  of  the  Westinghouse  Electric  Corporation 
are  the  following: 

Phosphor:  ZnS  (predominantly  cubic  phase)  activator  and  coactivator! 
Ou  and  Cl  in  the  mole  percentages  indicated: 

Cu  Cl 

Blue  0. 61^03)  O.TTTo.lO) 

Green  0, 6(0.1)  0.34  (0.16) 

The  numbers  in  parenthesis  refer  to  the  io  retained  in  the  finished 
phosphor,  after  firing  and  washing  -  while  the  other  numbers  repre¬ 
sent  additions  prior  to  firing.  The  phosphors  are  produced  according 
to  US  Patent  2,874,128  Pebr.1959  (A.Watchell). 
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"gr«en"  or  ""blue",  2"  X  2”  sized)  undergo  single  voltage  tran¬ 
sients,  where  voltage  increases  (or  decreases)  at  a  strictly 
rate  vs  time,  from  zero  (respectively  from  V  max)  to 
V  max  (respectively  to  zero  volt).  The  value  of  V  max  could  he 
▼mvled  from  about  120  Volt  (the  treshold  for  a  detectable  light 
output  under  out  conditions)  up  to  220  V)  and  the  rate  of  rise 
(or  of  descent)  of  the  voltage  from  about  10  v/msec  up  to 
1000  V/ksec.  This  Is  accomplished  by  the  circuitry  shown  In 
flg.5.  Positions  A  of  the  switch  correspond  to  voltage  rise, 

and  positions  B  to  descent.  Capacitors  0^ . Cg  provide 

changing  the  rise  or  descent  rates,  while  potentiometer  P  changes 
the  value  of  Vnax,  fixing  the  cutting  value  of  diode  B.  The  con¬ 
stant  rate  of  charging  of  the  capacitors  Is  ensured  by  the  boot 
-  strap  circuit  BS.  Valyas  V^  act  as  trigger  forming  circuit, 
to  trigger  the  time  axis  of  the  cathode  ray  tube.  Valve  V^  acts 
as  an  electronic  Mrwitohs  the  voltage  transient  wanted  begins 
when  the  manually  operated  mechanical  switch  S  dlscozmeots  the 
grid  of  Vg  from  the  ground.  A  cathode  ray  Oscillograph  (Dual 
beam  Tektronix  oscilloscope  model  316)  has  Its  A  channel  oonneo 
ted  to  the  terminals  of  the  electroluminescent  cell,  while  the 
time  basis  Is  actuated  by  the  triggering  pulue  from  V^ .  A  came¬ 
ra  records  the  transient.  To  the  B  channel  of  the  same  osolllo- 
soope  goes  the  other  variable  to  be  recorded  slnohronously  with 
the  voltage  transient.  In  our  experiments  this  second  variable 
was  the  light  output  of  the  cell.  It  is  to  be  remarked  that  the 
bipolar  switch  connected  to  the  cell  serves  to  exchange  between 
each  other  its  cathodic  and  anodic  faces  so  as  to  have  the  side’ 
facing  the  phototube  always  of  the  same  polarity.  This  remark 
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la  important  for  tbe  reaBons  explained  in  Introduction  paragraph. 

When  recording  light  pulses,  the  cell  was  viewed  by  a 

RCA  photomultiplier  Mod.  6810  A  (14  dynodes)  equipped  with  a 

low-noiae  medium  gain  voltage  divider,  and  energized  by  a  (P-10, 

Italelettronlca)  stabilized  supply  operated  normally  at  2000  V, 

When  operating  with  such  high-gain  tubes  and  fairly  long  light 
/  -4  -3  \ 

pulses  (10-10  sec)  care  must  be  exercised  to  avoid  satuxm 
tion.  Therefore  curves  were  drawn,  showing  the  value  of  the 
(static)  output  voltage  at  the  terminals  of  the  loading  resistor 
of  the  6810  tube,  when  (static,  white )illumination8  of  different 
(relative)  amoixnts,  very  accurately  known,  were  falling  on  the 
cathode.  In  this  way,  the  maximum  output  admissible  was  determined. 
Of  course,  when  operating  with  transient  lights,  the  admissible 
output  would  be  greater,  and  therefore  our  procedure  put  us  on  the 
safe  side. 

The  device  which  furnished  different  well  definite  light 
ratios  was  basically  a  screen  with  holes,  to  be  opened  or  closed 
in  various  combinations,  placed  in  front  of  a  sheet  of  diffusing 
glass. 

If  for  example  only  hole  A  is  uncovered  and  light  is 

passing,  we  observe  a  current  i^^.  The  like,  current  i^  corresponds 

to  light  L  from  hole  B, 
i5 

•  When  both  A  and  B  apertures  are  uncovered,  as  far  as  the 

phototube  is  within  its  linear  characteristic,  current  must 

be  observed  and  so  on. 

Between  the  phototube  and  the  cell,  there  was  normally 

0 

an  interferential  filter,  of  about  150  A  haniwidth,  and  a  honeycomb 
collimator,  reducing  the  incident  angle  spread  to  less  than  5®,  to 

t  good  moiiooh  foma  t1  7,a  tipu .  Two  filter?  were  nred,  a  green, 


centered  at  5200  A  and  a  blue  one,  at  4700  A  .  Fig.  4  ahows  the 
detalla  of  this  set-up.  Pig, 3  shows  a  typical  oscillogran. 

All  the  measurements  were  made  with  the  elc>ctroluBln£ 
scent  cell  at  room  temperature.  Only  the  results  relative  to  the 
"green"  Rayacent  Panel  will  he  discussed  in  this  Note. 

Measurements  have  been  performed  at  three  different 
values  of  Vmax,  namely t  150,175|200  V.  Independently,  several 
values  of  the  rate  of  voltage  variation  have  been  used,  between 
10  V/mseo  and  1000  V/msec. 

Both  voltage  rises  and  descents  have  been  used,  and 
every  measurement  has  been  made  once  with  the  green  filter  and 
then  repeated  with  the  blue  one.  The  qxiantlties  which  have  been 
measured  using  the  rather  large  series  of  pictures  taken  have 
beent  the  height  of  the  light  pulse,  the  time  for  half-height, 
the  "phase  time",  that  is  to  say  the  difference  between  the  inetant 
of  starting  of  the  voltage  and  the  maximum  of  the  light  pulse. 

The  results  of  all  these  measurements  are  reported  in 
figs-  1 *2,6,7. 

It  can  be  seen  at  first  inspection  thatt 

a)  the  height  of  the  light  pulse,  for  each  value  of  Vmax,  Increases 
first  with  the  rate  of  variation  of  the  voltage,  finally  showing 
marked  saturation; 

b)  that  "green  "  and  "blue"  components  behave  in  the  same  way, 
showing  an  almost  constant  ratio  green Alue  of  roughly  5  tlmeai 

c)  that  this  behaviour  is  common  both  to  rises  and  descents  of 
voltage,  but,  for  each  "color"  the  pulse  height  for  rising  volta¬ 
ge  is  always  about  2  times  greater  than  for  voltage  falling; 

d)  that  (for  both  "colors")  the  ratios  of  the  half -height  time  to 
the  duration  of  the  voltage  otep  behave  in  a  very  peculiar  way. 
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Suoh  a  behaviour,  we  think,  may  have  interesting  lapll cations.. 

First,  there  ratios  indicate  that,  at  given  dV/dt, 
the  decay  of  Ivunlnesoence  due  to  voltage  falling  is  much  longer 
than  for  rising  -  whilst  the  pulse  height  is  lowers  This  suggests 
a  roughly  equal  Integrated  light  output  for  both  oases.  Second, 
the  dependence  of  these  rations  on  dV/dt  is  very  weak  for  rising 
voltage,  and  more  sensible  for  falling  voltage, 
e)  the  "phase  time"  seems  to  be  rather  strictly  correlated  to  the 
half-height  times. 

To  these  features,  it  must  be  added  thatx 

h)  Important  time  dependent  phenomena  (which  are  besides  already 
well  known,  Cfr.  for  example  2  c)  have  been  observed.  As  viewed 
through  our  technique,  their  behaviour  is  the  followlngi  the 
light  emitted  in  a  certain  transient,  depends  in  an  ezoeedingly 
strong  way  upon  the  time  elapsed  from  the  last  transient  undergone 
previously  by  the  cell.  If  this  time  la  very  short,  say,  few  thenth 
of  a  second,  the  light  output  is  bigger  of  a  factor  of  may  be  seve¬ 
ral  hundred.  This  factor  tends  asymptotically  to  1  when  the  time 
elapsed  grows:  at  the  room  temperature,  the  value  1  is  practical¬ 
ly  reached  (in  green  cells-the  only  ones  we  are  considering  in 
this  Note)  after  7  minutes.  We  anticipate  here  that  although  no 
measurements  vs  temperature  have  been  made  by  us  so  far  they  will 
be  performed  in  next  future.  All  the  measurements  reported  in  this 
Note  have  been  done  after  "recovery"  was  sufficient,  that  is  to 
say  always  7  minutes  separate  two  consecutive  pictures.  The  phen£ 
mena  are,  no  doubt,  strictly  connected  with  another  feature^ 

i)  cell  polarization.  No  methodic  measurements  of  this  quantity 
have  been  made  by  us  so  far.  It  is  important  in  this  respect  to 
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p6lnt  out  that,  during  the  7  minutes  separating  two  pictures, 
the  electroluminescent  cell  was  kept  with  Its  electrodes  short 
olroulted. 

Let  us  spent  a  few  words,  to  remark  that  the  experlmen 
tal  facts  listed  above,  which  come  out  from  the  apipllcatlon  of 
our  technique  to  these  problems.,  are,  we  think,  mofre  free  from 
aporiouB  or  aooessoxTr  features  than  the  data  obtained  with 
oonventional  excitation  sources,  such  as  periodic  or  exponential 
waves  or  voltage  pips. 

The  present  data  should  therefore  be  more  suited  to  pl\|; 
sloal  interpretation. 

Finally,  to  complement  the  phenomenological  survey,  mea 
surements  of  the  dielectric  constant  and  loss  factor  of  the  cell 
have  been  performed  at  various  frequencies,  as  a  function  of  the 
(sinusoidal) exciting  voltage 

The  results  are  shown  in  fig. 8.  and  9. 

It  is  remarkable  the  presence  of  a  minimum  around  20 
Volts  T.m.s.  -  and  the  strict  similarity  of  behaviour  of  gand  tgS 
vs.  voltage. 

3.-  CONCLUDING  REMARKS. 

In  the  previous  paragraph  it  has  been  pointed  out  the 
interest  of  using  a  technique  of  transients  to  investigate  EL. 
Such  a  technique  in  fact  affords  to  study  easily  and  accurately 
the  details  of  the  structure  of  a  single  light  pulse.  It  Is  clear 
that  the  "linear  transients"  used  by  us  are  the  most  suited  ones. 

It  has  finally  been  shown  the  Interest  of  operating  on 
unpolarlzed  cells,  recovered  from  previous  excitations,  and  capa¬ 
ble  of  only  a  very  weak  light  output. 
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Last  not  least  ,  it  is  obvious  that  the  isolation  of  the  diffe¬ 
rent  chromatic  components  is  advisable  in  order  to  /^et  results 
amenable  to  quantitative  treatment. 

All  these  requirements  3.ead  to  a  common  point  i  to  deal 
with  extremely  small  intensities  of  lipht.  Our  present  set-up  can¬ 
not  be  considered  as  satisfactory  from  this  point  of  view  ,due  to 
the  considerable  noise  of  photomultipliers.  Therefore  ,  the  first 
experimental  improvement  we  are  considering  the  adoption  of  an 
EMI  6915  "S”  phototube  , especially  tested  for  low  noise  and  pain¬ 
ted  for  usage  at  liquid  temperature  .  These  conjointed  features 
are  expected  to  improve  the  signal/noise  ratio  of  a  factor  of 
about  500.  In  this  way  good  quantitative  analysis  of  the  light 
peaks  should  prove  feasible  ,  and  much  more  information  should  be 
obtainable  about  the  mechanism  involved  in  1i;L. 

Another  point  which  ,  as  already  pointed  out  , deserves 
thbrough  investigation  is  the  relation  between  light  output  and 
polarization  -  what  of  course  also  implies  investigation  of  the 
polarization  Itself. 

Our  ideas  about  this  point  are  forcely  still  in  an  early 
stage  I  but  ,as  to  the  experimental  side,  it  appears  necessary  to 
dispose  of  demountable  cells,  that  is  cells  whereby  one  electrode 
of  the  condenser  can  be  removed  at  will.  For  this  reason,  we  requi¬ 
red  Westinghouse  Laboratories  to  supply  us  with  phosphors  powders 
of  the  same  quality  used  in  the  commercial  cells  of  our  experiments. 
The  powders  are  now  available  and  we  are  therefore  preparing  lumine¬ 
scent  sheets  with  these ■ phosphors  embedded  in  several  dielectrics. 
Strictly  related  to  the  above  point  is  that  of  the  lnfluence"of  the 
"recovery”  of  the  cell  after  excitation, upon  the  light  output  of  which 
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the  cell  is  oapfthle  when  excited  ngftln.  An  appantue  has  been  built 
to  study  the  recovery  phenomena. 

The  points  listed  in  this  paragraph  will  be  davslopad  in 
a  next  Teohnloal  Note. 

APrOWI««IBNT3. 

It  is  a  pleasure  to  gratefully  aknowledgs  hers  dr. 
H.r.Ivsy,  of  the  Westlnghonse  Co.  Research  Laboratoiriss,  for 
generous  supply  of  data  and  materials  and  professor  B.Iavagnino 
of  the  Istituto  ^lettroteonioo  Nasionale  frr  the  measurement  of 
the  dleleotrio  parameters  of  the  oells. 
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